Objective. Adiponectin is an adipokine that is mostly secreted from adipose tissues and has a significant role in the improvement of insulin resistant and type 2 diabetes mellitus (T2DM). This study is conducted to examine the association of rs17300539 and rs266729 with T2DM and serum adiponectin level in Iranian population.
. It has also been reported that adiponectin play a role in the pathogenesis of obesity and type 2 diabetes (T2DM). The lower plasma adiponectin concentrations have been detected in obese patients and patients with insulin resistance when compared to the healthy non-obese individuals. It has also been reported that low adiponectin concentration is connected with T2DM (Aleidi et al. 2014; Yamamoto et al. 2014; Abdalla and Soon 2017) .
Adiponectin is a 244 amino acid protein that is encoded by ADIPOQ gene. Adiponectin gene contain three exons and 2 introns spanning 17 kb. AdipoQ gene located on the region 3q27 and this chromosomal region is a susceptible locus for T2DM and metabolic syndrome (Vasseur et al. 2002; Eissa 2016) .
In 1988, a multifaceted metabolic abnormality consisted of insulin resistance with compensatory hyperinsulinemia, T2DM, hypertension, and hyper cholesterolemia has been described by Reaven (1988) . Today, this syndrome is known as Reaven syndrome. The term "Metabolic Syndrome" is being used by WHO (World Health Organization) and International Diabetes Federation (IDF) to define all these complications. It has been predicted that about 20-25% of the world's population are suffering from the metabolic syndrome (Ogedengbe et al. 2016) .
T2DM manifests individuals who have more potential of obesity (inactivity) due to their life style as well as appropriate genetic factors. The pathology of the disease is defined by hyperglycemia that is caused by lack or inappropriate response to insulin or insulin production (Al-Azzam et al. 2014) . Patients with T2DM often have complex metabolic abnormalities such as hyperinsulinemia, hyperglycemia, and dyslipidemia, which can induce insulin resistance (Cefalu 2001) . Insulin resistance is characterized by a diminished ability of insulin-sensitive tissues to take up and metabolize glucose in response to insulin. There is evidence that proved defects in the insulin-signaling pathway may contribute to insulin resistance in humans (Vollenweider et al. 2002) . The insulin resistance, obesity, and pregnancy are the most significant causes of β-cell mass increases. Many studies have reported a reduction in β-cell volume of patients with T2DM (Cho et al. 2011; Lo et al. 2014) .
A meta-analysis study done on white population, East Asians, Asian Indians, African Americans, and Native Americans has confirmed that the higher level of adiponectin is associated with lower risk of T2DM (Davis et al. 2015) .
Studies have shown that genetic variants in adiponectin gene were associated with type 2 diabetes in Africans (Olckers et al. 2007 ), African Americans (Ukkola et al. 2005 ) and north India (Prakash et al. 2015) . Studies concerning the polymorphisms of adiponectin gene performed on Korean Taiwanese population have shown that there is no association between rs266729 and T2DM (Hsiao et al. 2016 ). The -11377C > G (rs266729) might be a risk factor for T2DM in European population (Han et al. 2011) , and asserted that -11377 is a low-penetrant risk factor for developing T2DM (Gong et al. 2010) . In China, especially obese patient (Li et al. 2013) , studies have shown that rs266729 has strong correlation with T2DM. The association of rs17300539 with T2DM has also been observed in Iranian population (Hasani-Ranjbar et al. 2012 ). Our study is conducted to examine the association of rs17300539 and rs266729 in the adiponectin gene with diabetes using participants with no drug consumption of diabetes. Previous studies have proven that thiazolidinedione drug (TZD) increases adiponectin level (Yu et al. 2002) . In the present study, we investigated the cases without intervention of antidiabetic drugs for better understanding the genetic effects of the polymorphisms on T2DM in Iranian population.
Materials and Methods
Setting and participants. A case control study was conducted on 80 participants used as a diabetic/pre-diabetic (T2DM/IFG) group holding fasting plasma glucose (FPG) higher than 100 mg/dl and 80 participants as control (healthy) group holding FPG 70-100 mg/dl. The diabetes and pre-diabetes diagnosis was according to a classification done by an expert committee (Alberti et al. 2003) . The participants were clinically diagnosed for diabetes under the supervision of two specialists and then referred to the laboratory of the same hospital (Booali, Toos, Zanjan hospital, pars). In general, two categories of people referred to the clinic. The one who came with their test results and they had the criteria of a healthy participant. The second who distinguished by doctor as a diabetic/pre-diabetic case. After the confirmation of doctor that whether the participants have the criteria of being in each of the groups, the participants were introduced to our team. The aim of the study was explained to all the participants. If they were consent to participate in the study, the written consents were obtained from all the cases. Then the physical measurements, filling the questionnaire and finally blood sampling was done on each of the participants. The fasting venous blood samples were collected from both groups after an overnight fast of 12-14 h to measure FPG. The FPG test was taken twice from the participants. The body mass index (BMI) was measured using the protocol followed by the WHO (Flegal et al. 2014) . The blood samples (5 ml) were taken from participants, then used for DNA extraction, and other 5 ml in tubes containing EDTA for adiponectin and biochemical analysis. The DNA extraction was performed by salting out method (Miller et al. 1988 ). The inclusion criteria were both genders having FPG <100 mg/dl and a normal health condition for control group and FPG >100 mg/dl for diabetic/pre-diabetic group. The exclusion criteria were drug consumption for both groups, known disease such as cancer, a well-known diabetic patient, liver disease, kidney disease, pregnancy, heart disease and any kind of infection.
Ethical approval. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The whole 160 questionnaire and informed consents is available if requested.
SNPs rs17300539 and rs266729 genotyping. For detection of SNP in the adiponectin gene, genotyping was performed using PCR-RFLP (restriction fragment length polymorphism) method. PCR method (polymerase chain reaction) was performed with total volume of 25 µl. The reaction consists of 1 λ genomic DNA, 12.5 µl Master mix (dNTP, tag polymerase and MgCl 2 ), 0.9 µl forward primer and 0.9 µl reverse primer.
We used the following forward primer 5'_TAAGG/ GAGAC/ATCGG/TGAAAC_3'' and reverse primer 5'_TAACGCTCTCCTTCCCATA_3' for rs17300539 and rs266729. We obtained the primers from CinnaGen Company. The primers were designed using Gene runner software. We multiply a sequence of 296 base pair of adiponectin gene by Thermal cycler. The whole PCR process is made up of 3 steps. The initial step included denaturation at 94 °C for 5 min. Second step, denaturation at 94 °C for 45 s, annealing at 65 °C for 45 s and extension at 72 °C for 1 min. This step was repeated for 30 cycles. Last step included the final extension at 72 °C for 10 min. Finally, the PCR product was a 296 base pair length. The quality of the PCR product was verified using 8% acrylamide gel electrophoresis.
In order to evaluate rs17300539, PCR product was digested by HhaI restriction enzyme. Total volume of the mixture was 0.4 µl HhaI, 4 µl PCR product, 0.4 µl purified water and incubated for 16 h at 37 °C. CG genotype was digested into 3 fragments with the corresponding lengths 296 bp, 183 bp and 113 bp. GG genotype was digested into 2 fragments with 183 bp and 113 bp lengths. CC was digested into one fragment with 296 bp length.
In order to evaluate rs266729, PCR products were digested by MSPI restriction enzyme. We incubated the mixture with 0.6 µl enzyme, 4 µl PCR product, 0.4 µl purified water for 5 h at 37 °C. AA genotype was digested into 1 fragment with 296 bp length, AG heterozygous genotype was digested into 3 fragments with the corresponding lengths 296 bp, 167 bp, 129 bp and GG genotype was digested into 2 fragments (296 bp, 167 bp). HOMA-IR was determined using current equation:
HOMA-IR = fasting insulin (mU/L) × fasting plasma sugar (mM/L)/22.5.
To define insulin resistance (IR), a threshold of 2.6 was used based on previous study in the current study population (Tohidi et al. 2014) .
Clinical and biochemical measurements. The levels of adiponectin and insulin hormone were measured using commercially available human ELISA kit (Mercodia Company, Sweden). Determination of adiponectin level was done by ELISA kit using a purified immunoglobulin G (IgG) against a specific determinant on human adiponectin molecule and a mouse anti-adiponectin antibody conjugated to horseradish peroxidase (HRP) used for detection. The levels of triglyceride, total cholesterol, HDL-cholesterol (HDL-C) was measured by enzymatic method (Eshraghi et al. 2007 ). The LDL-cholesterol (LDL-C) was calculated according to the method developed by Friedewald (Mente et al. 2013) .
Data management and statistical analysis. All continuous data showing normal distribution are expressed as mean ± SD, skewed parameters as median, interquartile 25-75% (IQ25-75), and categorical variables are expressed in percentage. The comparisons between the studied groups were analyzed using Student's t-test or Mann-Whitney test depending on distribution normality or χ 2 and Fischer exact test for categorical variables. Relationships between adiponectin and other variables were presented as Spearman's rank correlation coefficients. Genotype distribution in controls was checked using HardyWeinberg equilibrium (p>0.05). A logistic regression model was used to estimate the odds ratio (OR) of genotypes with diabetes. SPSS software version 2.0 was used for data analysis. P-value <0.05 was considered as statistically significant.
The datasets generated during and/or analyzed during the current study are available from the corresponding author on reasonable request.
Results
The levels of the total adiponectin in serum ranged from 2.30 mg/l to 24.80 mg/l. The serum concentrations of adiponectin in women (3.00-24.80 mg/l) were significantly higher (p=0.006) than those in men (2.30-17.00 mg/l). The results show that the mean of adiponectin is 6.6 μg/ml in diabetic/pre-diabetic cases compared to 7.4 μg/ml in control group (p=0.115). So, statistically there is no significant difference concerning adiponectin between these two groups. Furthermore, the association between rs266729 and T2DM is not statistically significant. The Table 1 also shows that there is a significant association between rs17300539 and T2DM (p=0.001). The frequency of AA genotype is very low in the studied population, where the frequency of this genotype is 2.6% in T2DM/IFG cases, however, this genotype is not observed in control group. Therefore, OR is not calculated for this genotype. There was a significant difference in the frequency of GA genotype between diabetic/pre-diabetic and control group (by 3 folds) (35.5% for diabetic/pre-diabetic group, 11.3% for controls) [CI=95%, OR=4.18(1.8-9.6); p=0.001]. Analysis of the data shows that GA genotype increases the risk of T2DM. The frequency of GG genotype is more in control cases (88.8% for diabetic/pre-diabetic group, 62% for controls). It seems that GG genotype shows protective effect against the risk of T2DM in comparison to other genotypes [CI=95%, OR=0.21(0.1-0.5); p<0.001]. The frequency of allele A is more in diabetic cases approximately 4-fold change [CI=95%, OR=2-10.7; p<0.001]. The results show that allele A in rs17300539 is associated with the risk of T2DM. The frequency of CG, CC mutant genotype is not significantly different between diabetic/pre-diabetic and control groups (32% for diabetic/pre-diabetic group, 29% for controls and 44% for diabetic/pre-diabetic group, 50% for controls; respectively) and there was not significant association between genotypes of rs266729 and T2DM. Meanwhile, the frequency of allele G shows no significant difference between the two groups (p=0.43) ( Table 1) .
The biochemical variables are studied in every genotype. The proportion of people who have AA genotype in rs17300539 and GG genotype in rs266729 are rare. Therefore, they are ignored from the comparison (Table 2) .
Additionally, the variables of FPG, triglyceride and total cholesterol had significant association with rs17300539, respectively (p=0.007, 0.039, 0.0032; respectively) but the other variables show no association with rs17300539 (Table 2) . Furthermore, both variables waist circumference (WC) is significantly associated with rs266729 while the other variables show no association with rs266729 (Table 2) .
Finally, we found that adiponectin level was negatively correlated with BMI, WC, insulin and HOMA-IR (p=0.017, 0.001, 0.012, 0.002; respectively) and these parameters have significant association with adiponectin level. This means that when adiponectin level increases, BMI, WC, insulin and HOMA-IR levels decrease (Table 3) .
Discussion
In the current study, there is no significant association between rs266729 in adiponectin gene and the genotypes GG, GC, and CC of rs266729 with the risk of T2DM. The frequency of the genotypes GG, GC Abbreviations: T2DM/IFG -diabetic/pre-diabetic group; T2DM -type 2 diabetes mellitus; IFG -impaired fasting glucose.
and CC shows significant difference between control and T2DM/IFG groups. Previous studies performed on Jahrom city in Iran (Erfanian et al. 2016) , India (Khan et al. 2017 ) and Italian population (Chiodini et al. 2010) were consistent with our study. On the other hand, studies that were carried out in India (Ramya et al. 2013) , Finnish Diabetes Prevention Study (Siitonen et al. 2011) , and Iraqi population (Kaftan and Hussain 2015) showed that rs266729 had association with T2DM. In Finnish Diabetes Prevention Study, allele C of rs266729 was associated with an increased adjusted hazard ratio for developing T2DM. In our study we observed significant association between rs17300539 and T2DM. The frequency of genotypes AA, AG and GG had significant difference between diabetic and non-diabetic groups. Studies performed on Gargano area in Italy (Menzaghi et al. 2010 ) and meta-analysis (Chu et al. 2013 ) have shown that rs17300539 increased the risk of T2DM and also validated that rs266729 is a low-penetrate risk factor of T2DM which is consistent with our study. Our results showed that adiponectin level has no significant association with rs17300539. We concluded that the frequency of GA genotype in rs17300539 is more in T2DM/IFG cases compared to healthy group and allele A of rs17300539 increases the risk of T2DM. In a study performed on a large group of European origin in Verona, FleurbaixLaventie and Lille childhood obesity cohort showed that carriers of AA and GA genotypes had higher level of adiponectin and BMI and were more prevalent to obesity. This study showed consistent results with ours (Morandi et al. 2010) .
Additionally, we concluded that adiponectin level is not associated with rs266729 and rs17300539. In a study performed on Hispanic-American, Texas ) and MONICA/KORA (Cooperative Health Research in the Region of Augsburg) (Laumen et al. 2009 ), rs17300539 was associated with plasma adiponectin level which was inconsistent with our study. Furthermore, rs266729 was associated with adiponectin level in north Indian population (Khan et al. 2017) . However, the genotype GG of rs266729 significantly increased the risk of T2DM with CVD in Iraqi population (Ismail et al. 2016) .
Adiponectin level was negatively correlated with BMI as it has been observed in people enrolled in GISSI-HF trial (Masson et al. 2011; Aleidi et al. 2014) . The adiponectin level also negatively associated with BMI and insulin level in a study that was done on an Indian population (Renju et al. 2012 ) and a negative correlation between adiponectin level with WC and BMI was also found in a study done in Jordanian population (Aleidi et al. 2014) . Given the fact that adiponectin is a major modulator of insulin action for its role in enhancing insulin sensitivity.
In general, it seems that the association of rs266729 with T2DM is more observed in Asian population but not in other populations. Also, rs266729 was associated with waist and BMI as shown in our results. In a study conducted on Arabian families, rs266729 was associated with body weight, WC and BMI (Zadjali et al. 2013) .
Finally, we concluded that rs17300539 had association with FPG. Additionally, rs17300539 was associated with plasma adiponectin and glucose fasting in African-American cohort where the association of rs17300539 with FPG was confirmed in our study . We also discovered that SNP-11377 (rs266729) had no association with adiponectin and insulin levels, which is not consistent with the study done on Hong Kong Chinese population (Ong et al. 2010; Li et al. 2013) . No association of rs266729 with HOMA-IR and adiponectin level that we found, was also discovered in another study in a multiethnic population assembled in Canada (Mente et al. 2013) . In a study named Erasmus Rucphen Family study in Netherland (Henneman et al. 2010 ) and in European origin (Morandi et al. 2010) , there was an association between rs17300539 and HOMA-IR in that is not consistent to our study.
In summary, our results showed that there is association between rs17300539 and allele A with the increase of T2DM, but the genotypes of rs266729 were not associated with the risk of T2DM.
